A MnO 2 @BP nanocomposite was synthesized by simultaneously reduction of KMnO 4 with Mn(CH 3 COO) 2 .4H 2 O and highly porous Black Pearls 2000 at room temperature. The specific surface area, porosity, crystalline form and conductivity of MnO 2 @BP nanocomposite were characterized by nitrogen gas adsorption measurements, scanning electron microscopy, X-ray diffraction and 4-point probe measurements, respectively. The content of MnO 2 and BP in the composite was determined by thermogravimetric analysis. Chemical mapping using Raman spectroscopy was performed to investigate the distribution of MnO 2 and BP in a composite electrode film prepared with polytetrafluoroethylene (PTFE) as binder. This composite electrode exhibits more homogeneously distributed MnO 2 particles when compared to an electrode made by physical mixing of MnO 2 , BP and PTFE (MnO 2 /BP-PTFE). Also, Raman spectroscopy data of both composite electrodes indicates a loss of electrical conductivity of BP in the case of MnO 2 @BP-PTFE. The electrochemical properties were characterized by cyclic voltammetry in aqueous 0.65 M K 2 SO 4 . The specific capacitance of MnO 2 @BP-PTFE composite electrode was 122 ± 5 F/g, which is statistically equivalent to the capacitance of MnO 2 /BP-PTFE composite electrode (129 ± 6 F/g Owing to its large theoretical capacitance, low cost, environmental friendliness and high density, manganese dioxide (MnO 2 ) is an ideal candidate for positive electrode in asymmetric electrochemical capacitor.
Owing to its large theoretical capacitance, low cost, environmental friendliness and high density, manganese dioxide (MnO 2 ) is an ideal candidate for positive electrode in asymmetric electrochemical capacitor. [1] [2] [3] [4] However the performance of MnO 2 -based electrodes is limited by the low electrical and ionic conductivities of MnO 2 . Approaches to increase the low specific capacitance of MnO 2 -based electrode include the addition of a conductive additive such as carbons [5] [6] [7] [8] [9] or conductive polymers [10] [11] [12] [13] [14] to MnO 2 for the fabrication of a composite electrode. On the other hand, the deposition of a thin MnO 2 layer on carbon with various (nano)architectures 7, [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] yielded high capacitance (∼700 F/g) when only the mass of MnO 2 was taking into account. 1, 8, 9, 16 Such composite electrodes show typical specific capacitance in the range of 150-250 F/g. Thus, the reported specific capacitance per mass of manganese dioxide is more dependent on the quantity of MnO 2 than the nature of the conductive carbon. 5, 8, 9, 16, [21] [22] [23] [25] [26] [27] [28] [29] [30] [31] [32] [33] Obtaining good electrochemical performance for MnO 2 -based composite electrodes requires that the electrical contact between MnO 2 and the carbon to be as intimate as possible. 21, 34 An attractive approach to achieve it, involves the deposition of MnO 2 onto carbon. 15, 22, 31, [34] [35] [36] [37] [38] By this mean, the effective interfacial area between manganese oxide and the solution is greatly increased. Moreover the contact between MnO 2 and carbon will lead to a high electronic conductivity. MnO 2 has been deposited onto a carbon support by various methods such as sol-gel route, thermal decomposition, electrodeposition, sonochemical synthesis, and redox reaction. 18, 31, [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] Some of the electrodes prepared by these methods have yielded promising specific capacitance values, but in several cases the MnO 2 loading is either not mentioned or the MnO 2 film very thin. It is therefore of technical interest to investigate the distribution and the structural properties of each component of MnO 2 -based composite for the design of electrochemical capacitor. Because it is sensitive to amorphous components and those with short-range order, Raman spectroscopy is suitable to characterize manganese oxides. 46, 47 At the same time, Raman spectroscopy has been proved to be a useful tool to study the vibrational properties and electronic structures of carbon materials. [48] [49] [50] Interestingly, information about the distribution or the physical properties such as conductivity of an electrode material could be obtained using Raman mapping technique. 46, 47, [51] [52] [53] In this paper, two different types of composite electrodes were prepared. Firstly, Black Pearls (BP) carbon was mixed with a binder and separately synthesized MnO 2 . Secondly, a MnO 2 @ Black Pearls composite was prepared by chemical precipitation of MnO 2 by redox reaction of potassium permanganate and manganese acetate in the presence of Black Pearls powder. This procedure should allow the deposition of MnO 2 on carbon in addition to separate MnO 2 particles. The resulting material was then used to fabricate composite electrode by addition of a binder. The structure, morphology, electrochemical performance of the composite are fully investigated and discussed. Furthermore, Raman mapping was used as a complementary technique to investigate the physical properties of the composite electrodes.
Experimental
Synthesis of MnO 2 /carbon black composites.-MnO 2 /carbon black nanocomposite was synthesized by chemical precipitation by mixing 100 ml of an aqueous solution containing 3.68 g of manganese acetate and 1 g of carbon black with a 60 ml aqueous solution containing 1.58 g of potassium permanganate, at 25
• C. High specific surface area Black Pearls (BP, Cabot) was used as carbon support. The resulting solution was stirred for 6 h during, and a dark-brown precipitate was formed. Once the stirring was stopped, the precipitate was rinsed several times with distilled water and filtered under vacuum. Then, the wet powder was dried at 110
• C for 12 h and milled in an agate mortar. The composite was named MnO 2 @BP. For comparison, amorphous MnO 2 was synthesized by the similar procedure but without the addition of BP. Thereafter, a MnO 2 /BP composite was prepared by mechanically mixing 33 wt% of BP and 67 wt% of MnO 2 in an agate mortar.
Characterization of the materials.-X-ray diffraction (XRD).-
The crystallographic structure of the composite was characterized by XRD with an X-ray diffractometer (X'Pert system, Philipps) at 2θ = 15-85
• using monochromatic Cu Kα radiation (λ = 1.541874 Å) operated at 50 kV/40 mA controlled by X'Pert Data Collector software. SEM micrographs were obtained with a scanning electron
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Journal of The Electrochemical Society, 162 (5) A5115-A5123 (2015) microscope (JEOL JSM-7600F) for pristine MnO 2 and BP, as well as for composite MnO 2 @BP. Nitrogen gas adsorption measurements.-The nitrogen adsorptiondesorption isotherms were measured at 77 K using Autosorb-1 (Quantachrome instruments, USA) controlled by AS1 software. The specific surface area (SSA) was evaluated using the Brunauer-Emmett-Teller (BET) method. In addition, the theoretical BET surface areas for these composites were calculated by assuming a linear combination of the contribution of each component (Eq. 1).
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Where SSA is the specific surface area of each material, x and y are the weight fraction of MnO 2 and the carbon support or additive in the composite, respectively. The pore size distributions were calculated using Density Functional Theory (DFT) and Monte Carlo simulation (MC) from the adsorption branch at relative P/P 0 between 1 and 10 −7 . The microporosity information (pore size distribution in cumulated surface and volume) was obtained through simulation of the isotherm by DFT Monte-Carlo calculations using the same software (AS1). The αs and t-plot methods were employed to extract the microporous surface and volume. Thermogravimetric analysis (TGA).-was conducted on a thermogravimetric analyzer TGA Q500 / Discovery MS (TA Instruments, New Castle, DE USA) in air with a flow rate of 90 mL/min. TGA for samples were recorded in the temperature range from 30 to 850
• C at scan rate of 10
• C/min.
Raman spectroscopy.-Raman spectra were taken between 200 and 2000 cm −1 at room temperature with a Renishaw Invia Raman microscope. A 20 mW moduLaser with a 514 nm excitation laser was used. The data acquisition and analysis were performed with the system software Wire3. Other Raman measurement specifications are the objective lens 50×, the 1, 5 and 10% laser power on the sample, CCD exposure time of 30 s. To have a high signal-to-noise ratio, each Raman Spectrum is the average of 30 successive scans obtained at spectral resolution of 1 cm −1 . To obtain the Raman images (20 μm × 20 μm), a scanning of the sample was performed with a step size of 2 μm and a Raman spectrum was recorded at every point. The spectra were analyzed, and Raman images were then constructed using a parameter (peak frequency, peak intensity, integrated peak intensity, or peak width) by using Wire3 software. Electrical conductivity measurement.-The electrical properties of the composite electrodes were investigated by 4-point probe measurement using a Keithley 6220 DC precision current source (US). The I-V DC potential sweeps were measured at 100 mV/s and yielded a linear I-V response. The electrical conductivity of the composite film was obtained, using the resistance determined from the inverse slope of the I-V curve and the dimensions of the sample. Eq. 2:
where σ e is the electrical conductivity in S/cm, R is the resistance of the composite electrode measured by 4-point probe in square and e is the thickness of the composite electrode in cm. Electrochemical characterization.-Electrodes were prepared by mixing the composite powder as active material with 10 wt% of PTFE binder (polytetrafluoroethylene, Aldrich). A few drops of ethanol were added to the mixture in order to obtain homogeneous slurry. The resulting paste was dried at 60
• C for 3 h in oven, then a 0.25 cm 2 cold rolled thick film with an average mass of 2 mg was pressed at 9 × 10 5 Pa for 60 s in a stainless steel grid (80 mesh, 0.127 mm, Alfa Aesar). Cyclic voltammetry (CV) was performed with a standard three electrode cell containing a 0.65 M K 2 SO 4 aqueous solution degassed with purified nitrogen gas at room temperature. A composite electrode was used as the working electrode, with a platinum gauze and a Ag/AgCl (3 M NaCl) as counter electrode and the reference electrode, respectively. Capacitive behavior of the electrodes was studied by cyclic voltammetry (CV) within a potential range of 0-0.9 V vs. Ag/AgCl at various scan rates between 2 and 200 mV/s. To calculate the specific capacitance (C), the cathodic voltammetric charge (Q) was evaluated by integration of a CV curve, and subsequently divided by the mass of electrode (m) and the width of potential window ( V):
Then a plot of the gravimetric capacitance as a function of the potential was obtained by replacing the current by the gravimetric capacitance calculated from Eq. 4:
where C grav is the gravimetric capacitance in F/g, I is the current in A, m is the mass in g and v is the scan rate in V/s.
Results and Discussion
Synthesis of MnO 2 @BP composite.-Nanostructured carbons are characterized by high electrical conductivity, chemical stability and specific surface areas. 16, 54, 55 Since manganese oxides have poor ionic and electronic conductivity, it is therefore of common practice to combine them with conductive carbons to form composite to improve their electrochemical performances. 4, 7, 9, 17, 56 In a previous work, we have reported that the physical mixing of MnO 2 with a carbon black such as Black Pearls (BP) cannot contribute to increase the specific capacitance of the composite electrode despite the high specific surface area of BP relative to a conventional carbon black. 21 In fact, the large pool of ionic species present with BP did not significantly improve the utilization of MnO 2 which remained relatively low. 21 This could be explained by the large MnO 2 particle size and perhaps by a non-efficient distribution of the materials of the composite electrode. 3 Among all the synthesis techniques used to prepare composites, chemical coprecipitation is the most common technique. 1, 9, 16, 21, 34, 38 Lee et al. tried to increase the degree of dispersion between MnO 2 and carbon by adding 20-80 wt% of carbon black to a KMnO 4 aqueous solution and subsequent addition of a manganese acetate aqueous solution. 34 It was found that the chemical mixing method was effective in increasing the specific capacitance and the electrochemical properties of MnO 2 . Later, Kim and coworkers found that carbon black or either carbon nanotube act as a reducing agent and also as substrates for the heterogeneous nucleation of MnO 2 deposits. 38, 40, 41 This process has successfully produced nanosized MnO 2 deposit directly on the carbon surface.
In the present work, the method developed by Lee et al. was modified to obtain a high loading of MnO 2 .
34 BP was first dispersed in a manganese acetate aqueous solution, and then a KMnO 4 aqueous solution was added. Since both BP and manganese acetate work as reducing agent, it was expected that MnO 2 will nucleate on carbon and at the same time precipitate in the solution. A schematic representation of the anticipated material is shown in Scheme 1. Fig. 1 shows the XRD patterns of MnO 2 , BP and MnO 2 @BP samples. The broad diffraction peaks of MnO 2 and MnO 2 @BP indicate that the oxide and the composite are poorly crystallized, probably due to the absence of long-range order of the MnO 6 octahedra. 29, 30, 36, 57, 58 Two diffraction peaks at 2θ = 25
XRD characterization.-
• and 43
• corresponding to (002) and (101) diffractions of graphitic carbon respectively, 38, 41, 57, 59 can be seen for BP. The intensities of the two peaks decreased for the composite material, due to the incorporation of MnO 2 in the MnO 2 @BP composite. • C, which corresponds to the dehydration of the sample (Fig. 2a) . This is followed by a second weight loss of 2% between 130 and 470
• C which could be attributed to the departure of the crystallization water and also to the transformation of MnO 2 to Mn 2 O 3 .
7, 17 The small increase between 650 and 700
• C is attributed to the formation of the Mn 3 O 4 . 35 The combustion of BP carbon occurs between 550 and 625
• C. Two weight losses of 26 and 8% are observed for MnO 2 @BP in the range of 300-450
• C and 450-550
• C, respectively. To estimate the MnO 2 loading, two sets of experiments were conducted. One consists of recording the mass variation of a sample prepared by putting 60 wt% MnO 2 and 30 wt% BP in the same pan without mixing (Fig. 2 , sample MnO 2 + BP). In this case, the mass loss of 34 wt% attributed to carbon combustion is in relatively good agreement with the nominal composition of the sample. The second is the study of the mechanically mixed sample containing 60 wt% MnO 2 and 30 wt% carbon black (Fig. 2 , sample MnO 2 /BP). The TGA and DTG curves of MnO 2 /BP demonstrate that the carbon combustion temperature was lowered by the mechanical mixing of the two materials. The weight loss of MnO 2 /BP occurred in the same temperature range than that of MnO 2 @BP, which suggests that the lower carboncombustion temperatures are due to the catalytic property of MnO 2 . The second weight loss of the MnO 2 @BP in the temperature range of 510-550
• C is probably due to the combustion of carbon not coated by manganese oxide. 57, 60 All MnO 2 -carbon composites present a weight loss of approximately 6% between room temperature and 150
• C attributed to the dehydration of the sample. Finally, the MnO 2 :BP ratio of MnO 2 @BP composite is 2:1.
BET analysis. -Figs. 3 show the nitrogen adsorption/desorption isotherms at 77 K, the cumulated surface vs pore width, pore volume vs pore width and the pore size distribution for BP, MnO 2 , MnO 2 @BP and MnO 2 /BP. All samples present mixed type I and type II isotherms for low and high relative pressure (P/P 0 ), respectively (Fig. 3a) . 61 For BP, the volume adsorbed at low P/P 0 is characteristic of an extended microporous structure (<2 nm). In the intermediate P/P 0 range, the sloped plateau is due to a contribution from the outer surface, generally related to the adsorption in the mesopores (2-50 nm). The isotherms display a H3 hysteresis loop typical for a mesoporous material with narrow slit-like pores near the maximum relative pressure (between 0.9 and 1). On the other hand for MnO 2 , the low absorbed volume observed at low relative pressure is characteristic of a mesoporous-like material, which is confirmed by the plateau and the small hysteresis. Major changes in the adsorption isotherm of MnO 2 -based composites are also observed. More specifically, a significant drop of the adsorbed volume is observed at low relative pressure. The effect of the spontaneous deposition of MnO 2 at the carbon surface on the microporous structure of the carbon can be quantified by further analysis of the isotherms, which allow determining parameters such as the BET surface area, the pore size distribution (Fig. 3d) as well as the cumulated surface (Fig. 3c ) and cumulated volume (Fig. 3d) ( Table I) .
Firstly, the BET specific surface areas (Table I) for MnO 2 and BP are in agreement with those reported in the literature. 3, 9, 61, 62 When BP is used as carbon support, the specific surface area increases from about 298 to 544 m 2 /g. Furthermore, the BET specific surface area of MnO 2 @BP is lower than the sample prepared by mechanically mixing MnO 2 with carbon. In both cases, the experimental SSA of composites is lower than the expected SSA (Table I) , which means that some pores of MnO 2 or carbon could be blocked. In order to get some insight into the influence of the deposition or the physical mixing on the BET surface area, the pore texture of the materials was investigated. A plot of the cumulated surface area as a function of the pore width shows that the major contribution to the surface can be attributed to pores whose diameter is smaller than 2 nm (Fig. 3b and Table I ) for BP and MnO 2 /BP. On the other hand, for MnO 2 @BP and BP the contribution of the pore smaller than 6 nm is less important but a significant increase of the cumulated surface is observed up to pore width of 10 nm. Figure 3d shows noticeable difference of the pore size distribution of BP, MnO 2 /BP and MnO 2 @BP despite that the BP content of MnO 2 /BP and MnO 2 @BP is very similar. It can be seen that the pores smaller than 2 nm are more strongly affected when MnO 2 is deposited on BP (MnO 2 @BP) than when MnO 2 and BP are physically mixed (MnO 2 /BP). This explains the smaller BET surface area, cumulated mesoporous surface area and cumulated volume of the MnO 2 @BP sample (Table I) .
SEM characterization.-Figs. 4 show SEM images of Black
Pearls carbon before and after manganese oxide deposition. At low magnification, both samples are rough and porous with small particles (Figs. 4a and 4c ). Fig. 4b shows the presence of relatively uniform BP particles with size of about 20 nm. At higher magnification, SEM image for the MnO 2 @BP powder slightly differs. In presence of BP, MnO 2 particles smaller than 100 nm are observed (Fig. 4d) . These are believed to result from the homogeneous nucleation of MnO 2 . In addition, the significant fraction of particles with similar size as that of the pristine BP suggests that a very thin layer of MnO 2 is deposited on the carbon black surface.
Raman Mapping.-Raman spectroscopy is potentially useful for the characterization of MnO 2 -carbon composites given its sensitivity to both MnO 2 oxidation state 46, 47 and carbon structural properties. [48] [49] [50] Fig . 5a shows the Raman spectra of pristine BP, which is characterized by the typical D (1334 cm −1 ) and G (1598 cm −1 ) bands. 50, 63 The D band corresponds to the breathing mode of A 1g symmetry and is related to defects within this structure such as grain boundaries or point defect induced by structural defects such as holes or impurities. 63 The G band is the main fundamental peak which arises from the honeycomb crystalline structure of graphitic samples and is associated to the symmetric E 2g vibrational mode observed for graphitic-like materials. 33 The intensity ratio between the D and the G band is 0.93, which points to considerable disorder, as expected for a carbon black. The Raman spectra of MnO 2 powder are presented for different laser power (Fig. 5b) . Manganese dioxide is characterized by its low Raman activity. 46, 64 The spectra show three main features at 500-510, 570-580 and 630-650 cm −1 . The three peaks observed at 649, 571 and 500 cm −1 can be assigned to the birnessite-type MnO 2 phase. 46 The two high wavenumber bands are dominant in the three spectra, while the band at 500 cm −1 appears with a weaker intensity. The band at 571 cm −1 is usually attributed to the stretching vibration in the basal plane of MnO 6 octahedra. 46 The broad Raman band centered at 649 cm −1 can be attributed to the symmetric stretching vibration (Mn-O) of the MnO 6 octahedral framework. 46, 47, 64 The latter has also been associated to the presence of Mn 3 O 4 impurities and an obvious increase of its intensity is seen upon increasing the power of the laser to 10%. Interestingly, Julien et al. 47 reported that an increase in lattice temperature due to laser irradiation results in the transformation of MnO 2 to Mn 3 O 4 . Fig. 5b shows that increasing the laser power leads to an increase of intensity of the band associated to Mn 3 O 4 . A similar observation can be made on the spectra of both MnO 2 -carbon composites (Figs. 5c and 5d ), which also show the peak associated to carbon between 1200 and 1700 cm −1 . Thus, by using a 10% laser power on the sample, the well-defined Raman peak of Mn 3 O 4 at 649 cm −1 can be used to obtain the map for MnO 2 . Similarly, the mapping of carbon can be obtained by using the G band at 1598 cm −1 . In both MnO 2 -carbon composites, the respective bands were integrated to obtain the relative concentration of MnO 2 and carbon of the composites. Figs. 6a and 6b show an optical micrograph of MnO 2 @BP-PTFE and MnO 2 /BP-PTFE surfaces, respectively. In both cases, the surface is non-uniform, with relatively large number of isolated particles in the case of MnO 2 /BP-PTFE. To further examine the deposition of MnO 2 , specifically on Black Pearls carbon, two-dimensional Raman mapping was performed. Figs. 6c and 6d show the Raman mapping images, filtered from the 649 cm (Fig.  6c) . In contrast, BP-rich regions appear red on the BP map (Fig. 6d) .
The ratio of the Mn 3 O 4 peak to the BP peak intensity was used to identify the distribution of MnO 2 in the carbon matrix (Figs. 7a  to 7d) . Here, the MnO 2 -rich regions appear in red, while BP-rich regions are black. The distribution of MnO 2 obtained using Raman spectroscopy is relatively consistent with the SEM images (Fig. 3d) . In the MnO 2 @BP-PTFE composite, MnO 2 is uniformly deposited on carbon surface with few aggregates (Figs. 7a and 7c ). Fig. 7c shows a 3D Raman map image of the electrode surface. The z axis corresponds to the MnO 2 :BP peak intensity ratio, which provides information about topology and phase, since with Raman spectroscopy the collection thickness is about 2 μm. Thus, it could be noticed that the MnO 2 layer deposited on BP is thin, due to the low intensity ratio values of the MnO 2 :BP ratio. But also there is large region of the electrode where the carbon is the main component. On the other hand, the Raman map for the MnO 2 /BP-PTFE composite electrode shows a couple of red spots (Fig. 7b) , which are due to the strong Raman signal from MnO 2 particles remaining on the composite surface. The non-uniform MnO 2 distribution shown by the varying color intensity (Figs. 7b and 7d) can be explained by a non-uniform MnO 2 surface concentration despite the physical mixing, and also to the large range of MnO 2 particle size obtained by chemical precipitation. 21 Fig. 7d clearly show aggregates of MnO 2 particles, and the intensity ratio suggest the absence of carbon around these aggregates, which could be detrimental to the electrochemical performance of the electrode. Thus, Raman spectroscopy mapping provides complementary data to the SEM study. Furthermore, Raman is uniquely sensitive to carbon properties such as phase, crystallite size, oxidation state and doping levels, which are strongly related to important physical properties such as conductivity. 63 The ratio between the D and the G band is a good indicator of the conductivity of a carbon material. If the intensity of the two bands is similar, this indicates a relatively low conductivity. A semi qualitative map of the local conductivity of both electrodes was obtained by considering the I D /I G ratio (Figs. 8) . Where I D /I G > 1, the map is plotted in shades of red and where I D /I G is <1 is plotted in green and in shades of blue. This approach to data presentation had been carefully selected to ensure that the contrast scales in a consistent manner with the I D /I G ratio. Thus, at each point the relative conductivity of the composite can be deduced from the color and the contrast of the calculated Raman map. The deposition clearly affects the physical properties of the carbon (Fig. 8a) for which the conductivity will be lower relative to BP in MnO 2 /BP composite (Fig. 8b) . The lower conductivity is due to the formation of defects in the sp 2 regions of the BP power caused by the redox reaction between BP and MnO 4 − .
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Electrochemical characterization.- Figure 9a shows the evolution of the cyclic voltammogram of MnO 2 @BP-PTFE composite electrode at different scan rates. The composite electrode is characterized by a rectangular-like shape cyclic voltammogram at slow Each electrode is made with 10 wt% PTFE scan rate. However, a stronger polarization is found at higher scan rate. A similar observation was made for MnO 2 /BP-PTFE composite electrode. The specific capacitance of the composite electrodes were determined from the cyclic voltammograms recorded in 0.65 M K 2 SO 4 at different scan rates and are reported in Figure 9b and Table II.  Table II also shows the conductivity of MnO 2 @BP-PTFE and MnO 2 /BP-PTFE electrodes together with electrode characteristics (e.g. MnO 2 loading and film thickness). As expected, the specific capacitance decreases with an increase of the scan rate for both electrodes. A statistical analysis of the data indicated that the specific capacitance of both electrodes is almost the same (95% confidence level) (Figure 9b ). Moreover the plot of the capacitance retention as a function of the scan rate presents the same trend (Figure 9c ). The slightly lower values obtained for the MnO 2 @BP-PTFE electrode can be attributed to the low electrical conductivity and the relative low specific surface area of MnO 2 @BP compare to MnO 2 /BP. At high scan rate, the mass transport in the micropores is limiting and as a consequence, the specific capacitance decreases (Table II) .
Conclusions
MnO 2 @BP nanocomposite was synthesized by reduction of KMnO 4 using Mn(CH 3 COO) 2 .4H 2 O in the presence of Black Pearls carbon. SEM results and XRD patterns indicated that Black Pearls particles are coated by a thin layer of poorly crystalline MnO 2 . Nitrogen gas absorption measurements demonstrated that the presence of this MnO 2 deposit results in a decrease of the specific surface area because the contribution of the pores smaller than 2 nm to the available surface area is decreasing. Moreover, using manganese acetate as reactant led to the formation of separate MnO 2 particles. Raman spectroscopy mapping revealed that MnO 2 particles are homogeneously distributed in the MnO 2 @BP-PTFE composite electrode, suggesting an efficient contact between MnO 2 and the carbon particles. The I D /I G ratio map of MnO 2 @BP-PTFE shows an oxidized carbon environment at the interface between MnO 2 and BP that leads to a substantial decrease of the electrical conductivity. The latter is due to the direct redox deposition of MnO 2 onto BP by reduction of KMnO 4 that causes the oxidation of BP. The specific capacitance of the MnO 2 @BP-PTFE nanocomposite electrode is 122 ± 5 F/g, which appears to be almost similar to the specific capacitance obtained for the composite electrode made by physical mixing. Thus, despite that the presence of MnO 2 in the as-prepared nanocomposite has a detrimental effect on the electrical conductivity and the micropores of the highly porous BP, this do not seem to have a direct effect on the specific capacitance.
